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PREFACE

The investigation covered in this report was conducted under
the authority of a series of special work orders from the Nuclear
Power Field Office to the Sanitary Sciences Branch, U. S. Army En-
gineer Research and Development Laboratories (USAERDL). .

The period covered by this report is from November 1954 through
December 1960.

_ The following personnel supervised the program: Don C. Lindsten,
Chief, Research Section; Richard P. Schmitt, Chief, Sanitary Sciences
Branch; and Neil K. Dickinson, Chief, Military Department.

The collecting and processing of samples was done by civilian
and military personnel assigned to the Sanitary Sciences Branch.

Acknowledgment is made of the cooperation extended by the per-
sonnel of the Nuclear Power Field Office during all phases of the
program.
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SUMMARY

An environmental radiological monitoring program, in connection
with the operation of the first United States Army package power re-
actor (SM-1), is being conducted for the Nuclear Power Field Office
by the Sanitary Scilences Branch, USAERDL. The report compiles and
summarizes all data obtained during a period extending from l% years
prior to SM-l reactor start-up through more than 3 years of reactor
operation. The period extended from November 1954k through December
1960.

Samples assayed for radicactivity include the following: River
water and bottom silt; SM-1 condenser cooling water; subsurface
ground water; rain and snow; atmospheric particles obtained by air
filtration and fallout; and biota.

The report concludes that after more than 3 years of SM-l re-
actor operation, no significant increase has been noted in the radio-
logical background level in the Fort Belvoir area.
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THE SM-1 ENVIRONMENTAL RADIOLOGICAL MONITORING PROGRAM

NOVEMBER 1954 - DECEMBER 1960

I. INTRODUCTION

- Subject. This report presents a summary of all the data
that have been obtained from November 1954 through December 1960 in
the environmental radiological monitoring program conducted at Fort
Belvoir, Virginia, in connection with the operation of the first
United States Army package power reactor (SM-1).

2. Background. In man's environment today, two distinct
sources of radiocactivity exist: Natural background activity, and
activity related to man-made radionuclides. Natural-occurring
thorium and uranium are radioactive and are parent members of radio-
active series which yield some thirty-five radiocactive daughter
products such as radium and radon. In addition, other radioisotopes
such as potassium-40O and carbon-1lh exist in nature. Cosmic radia-
tion also contributes to the natural background. Prior to the first-
nuclear detonation in 1945, this background at any particular loca-
tion on the earth's surface was essentially constant. With the ad-
vent of the era of nuclear weapons, the development of the nuclear
power industry, and the increased use of radioisotopes in research
laboratories, universities, and hospitals, environmental radioactiv-
ity at a particular location has been subject to wide fluctuations.

With the development of the nuclear power program, the
fission product wastes from nuclear reactors represent one of the
greatest potential sources of radioactive contamination in the en-
vironment. At the end of 1960, a listing of heat-producing reactors--
past, present, and being constructed--totaled well over 100. Dis-
charge of radioactive wastes from these reactors is closely con-
trolled by governmental agencies in those countries where a nuclear
power program exists.

In the United States, the development of the nuclear power
program is controlled by the Atomic Energy Commission (AEC). One of
the requirements of the Commission relating to power reactor plants
is the conducting of an environmental radiological monitoring pro-
gram at each reactor site. Each plant is equipped with internal
monitoring instruments the function of which is to detect signifi-
cant contaminating events such as fuel element ruptures, leaks, and
spills. The purpose of the external monitoring program is to deter-
mine whether the activities of the reactor plant are contributing
significant radioactive contamination to the environment surrounding
the plant. A knowledge of the background radiation level at any
location before the establishment of a power reactor plant is, of
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course, essential to the evaluation of data obtained subsequent to
Plant startup so that any immediate changes or gradual changes in
the background can be detected.

To set up an environmental monitoring program in connec-
tion with a reactor operation, local considerations must be given
to the location of watercourses, centers of population, and the
direction of prevailing winds. These considerations mainly deter-
mine the type and number of samples taken, the sampling frequency,
and the sampling station locations. The sampling program must be
designed to give an accurate appraisal of the environmental radio-
activity without an excess number of samples. :

Samples which are valuable in indicating radiocactive
contamination are river water and bottom silt above and below the
plant, condenser cooling water at the intake and outlet of the re-
actor plant, subsurface ground water close to the plant, rain or
snow, atmospheric particles obtained by air filtration and fallout,
and biota. Each type of sample has its own particular significance.
For example, a river water sample can yield data as to the radioac-
tivity content of the flowing water, in both dissolved and suspended
form, at the particular time of collection. The normal gross radio-
activity of surface water is in the order of 10-10 to 10-S micro-
curies per cubic centimeter (uc/cc). A comparison of this range of
values with the maximum permissible concentration (MPC) value of
10-T pe/cc for drinking water consumption (Handbook 69, National S
Bureau of Standards) for unknown alpha and beta emitters emphasizes
the need for collection of specific background data and continuous
monitoring of any stream receiving discharge from a reactor plant.

A biota sample such as algae or fish or a river bottom sediment
sample may represent a cumulative condition in a stream. It is well
known that algae can concentrate radioisotopes to many hundreds of
times the amount in the surrounding water. Algae are consumed by
zooplankton and bottom animals which, in turn, are consumed by fish
used as food by man. Some fish may feed directly on algae. The
eventual human consumption of radioisotopes concentrated in aquatic
animals in the natural food chain points up the significance of a
biota study as part of a monitoring program. Results obtained from
samples of fallout on gummed paper, rain or snow, and air filtra-
tion particles, are indicative of the particulate radiocactivity in
the atmosphere. The levels of radioactivity in both air and pre-
cipitation may be exceedingly variable and, in the absence of
unusual contaminating events in the locality, reflect contamination
from distant nuclear device detonations rather than reactor plant
operation.

The variations of the day-by-day results of any continuous
monitoring program must be evaluated in the light of these occur-
rences which might be taking place at a location far from the reactor




plant. The effect which a single contaminating event anywhere in
the world can have on the environment at any location is shown in
Fig. 1. Between the end of October 1958 and February 1960, no sur-
face detonations of nuclear devices had been reported by any of the
world powers. The constant, low fallout activity at the two Fort
Belvoir gummed paper stations during the latter part of 1959 re-
flected the results of this moratorium. On 13 February 1960, the
French Government announced a surface nuclear detonation in North
Africa. The sudden rise in activity of the gummed paper removed on
23 February 1960, after 1 week of exposure, demonstrated the effect
on the environment of a single contaminating event taking place
thousands of miles away from a reactor site.
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Fig. 1. Effect of French nuclear detonation, 13 February
1960, on beta fallout rate at Davison Field gummed paper
station.




S History of the SM-1 Environmental Radiological Monitoring
Program. The first United States Army package power reactor (APPR-1),
now designated as SM-1 (Fig. 2), was set in operation at Fort Bel-
voir, Virginia, in April 1957. The environmental monitoring program
currently being conducted by the Sanitary Sciences Branch, U. S. Army
Engineer Research and Development Laboratories (USAERDL), was ini-
tiated in November 1955; thus, 18 months of background data had been
accumulated before the start of reactor operation. Prior to this
time, irregular environmental sampling was conducted in connection
with a project to investigate decontamination of water containing
chemical, biological, and radiological agents.

Initially water samples were taken from eight Potomac

.River stations, a ground water well near the reactor site, all rain-

fall and snowfall at Fort Belvoir, and from gummed paper set up at
nine stations to gather particulate fallout. In addition, bottom
sediment samples were taken every 3 months at ten locations in the
Potomac River and Accotink Bay. The area covered by the SM-1 envir-
onmental radiological monitoring program is shown in Fig. 3. Two
gummed paper station locations are not shown, namely, one at the
Alexandria Masonic Memorial, about 12 miles northeast of Fort Bel-
voir, and the other at the Dalecarlia Water Plant, in northwest
Washington, D. C.

From time to time changes were made in the number and type
of samples taken as well as in the sampling frequencies. Figure L
shows sampling periods and locations of samples taken, from the ini-
tial sampling time in November 1954 until the end of December 1960.

At the end of 1960, the following sampling schedule was
being observed.

a. SM-1 Cooling Water at Inlet. A 1-liter sample was
collected on Monday, Tuesday, Thursday, and Friday from the SM-1
intake structure pier.

b. SM-1 Cooling Water at Outlet. A l-liter sample was
collected on Monday, Tuesday, Thursday, and Friday at the SM-1 con-
denser cooling water outfall.

c. Precipitation. Samples were collected by an auto-
matic sampling device on the roqf of Building 325, USAERDL, as rain
or snow occurred.

d. Fallout on Gummed Paper. Four exposure stations were
established at the SM-1 site, and one at Davison. Field. Usually 1-
foot-square samples were exposed at the stations for a period of 1
week; however, during periods of increasing radioactive count sam-
ples were collected daily from' these stations.

ol |




18297
Fig. 2. First United States Army package power reactor plant
(sM-1) at Fort Belvoir, Virginia.




MORTH FOBT

Fig. 3. Map showing area covered by SM-1 environmental radio-
logical monitoring program.
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e. Potomac River Water. One-liter samples were collected
every Tuesday from the pier near Mackenzie Hall.

f. Gunston Cove Sediment and Water. Samples of bottom
sediment and water were collected once during a L-month period at
three locations close to the point where the SM-1 cooling water
stream enters Gunston Cove.

g. Potomac River Sediment and Water. Samples of bottom
sediment and water were collected once during a Y-month period at
three locations: Whitestone Point, Hallowing Point, and Glymont.

h. Potomac River Water for Gamma Count. Five-gallon
samples were taken in precounted polyethylene bottles every fourth
Tuesday at the SM-1 cooling water intake and outfall at the same
locations as were mentioned in paragraphs a and b in the sampling
schedule. The two samples were counted the following day at Walter
Reed Army Institute of Research, Washington, D. C., in the whole
body gamma counter.

i. Biota. For each survey, conducted once during a L-
month period, samples taken in Gunston Cove consisted of ten adult
fish, ten juvenile fish, and ten algae. In addition, ten algae sam-
ples were collected from the shore near Mackenzie Hall.

On 4 May 1960, an aerial survey for gamms activity over
the SM-1 reactor plant and at various locations in the vicinity of
Fort Belvoir was conducted in cooperation with the United States
Geological Survey. A specially equipped airplane carrying a bank of
gamma scintillation counters and Esterline-Angus recorders was used.
When the airplane was flying at an altitude of 250 feet, the total
gamma activity recorded over Mount Vernon was 620 counts per second.
When the airplane was at the same altitude directly over the SM-1
reactor plant, the total gamma activity was 10,400 counts per second.
Representative aeroradioactivity data obtained during this survey are
shown in Table I. ,

II. INVESTIGATION

L. Procedures. When the monitoring program was established
in 1955, the sampling procedures and analytical techniques were pat-
terned after procedures used by the Atomic Energy Commission and
those in use at the Oak Ridge National Laboratory where the Sanitary
Sciences Branch maintained a test station. Although the number and
types of samples have been altered through the years, the procedures
described here have remained essentially unchanged from those origi-
nally set up.
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Table I. Aerial Survey for Gamme Radioactivity
in the Fort Belvoir Area, 4 May 1960

Location Altitude Total Gamma Activity

(ft) (counts per second)
Mount Vernon 250 620

500 500

750 L4oo
Accotink 250 600

500 4ho

750 Loo
SM-1 Reactor Plant 250 10,400

500 780

750 ' 500

Water samples were taken in a l-liter polyethylene bottle
mounted on the end of a sectionalized aluminum pole. Figure 5 shows
a sample being taken from the Potomac River at the SM-1 condenser
cooling water intake. TFigure 6 shows a sample being taken of SM-1
condenser cooling water as it discharges to Gunston Cove. The sam-
ple was evaporated to near dryness in a casserole and the residue
was transferred to a counting planchet with the aid of a rubber
policeman and a little dilute acid. The residue was then dried
under an infrared lamp and counted in an end window beta counter
standardized with T12 L, Figure T shows some of the equipment used
in the analytical procedures. Figure 8 is a view of the counting
room at the Sanitary Sciences Branch. :

Rain and snow samples were collected in an automatic sam-
pling device mounted on the roof of Building 325, USAERDL (Fig. 9).
This device was designed and fabricated by the Sanitary Sciences
Branch. The cover over the funnel remains closed until rain or snow
wets a sensing device on the outside of the box and activates the
cover-lifting mechanism. When the precipitation stops, heat from an
electric bulb which burns during the period that the cover is open,
dries the sensing unit and the cover closes. By having the funnel
exposed only when precipitation occurs, the activity of the sample
represents only activity assoclated with the precipitation, and not
accunulated fallout which might also be washed in from an exposed
funnel. The device replaced an uncovered funnel used prior to July
1959 (Fig. 10). The procedure for processing samples of precipita-
tion was the same as that described in the preceding paragraph.

el




H2818

Sampling SM-1 condenser cooling

H2817

Sampling Potomac River water at

SM-1 conldenser cooling water intake.

. 6.
water as it discharges to Gunston Cove.

Fig

Fig. 5.
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H2820
Fig. 7. Equipment used in analytical procedures.

G115k40
Fig. 8. Counting room, Sanitary Sciences Branch, showing
equipment used for radioactivity measurements.

11
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F5058

Fig. 9. Device for collecting rain and snow samples. Lower
photograph shows open position which 1id assumes when side-
mounted sensing unit is wet. Upper view shows interior of

box.



3908
Fig. 10. Device for collecting rain and snow samples, used
prior to July 1959.

C11517
Fig. 11. Gummed paper station for collecting samples of
radioactive fallout.

13



1L

Radioactive dust or fallout from the atmosphere was col-
lected on l-square-foot sheets of gummed paper mounted on a frame
(Fig. 11). After exposure, the paper was removed from the frame,
compactly folded, placed into a fused silica dish, and carefully
ashed in a muffle furnace slowly heated to a temperature range of
600° to 700° C. The ash was transferred quantitatively to a plan-
chet and counted for gross beta activity.

Particulate radioactivity in the atmosphere has also been
measured by means of an air filter unit which pumped 4O to 45 cubic
feet of air per minute through a cellulose filter. The unit, housed
in a louvered structure (Fig. 12), was operated on a timer for 15
minutes each hour in order to extend the life of the electric motor
and to permit longer periods of operation between filter changes.
The filters were removed after designated periods of operation rang-
ing from 1 day to 1 week and were ashed in a muffle furnace. The
residue was transferred to a planchet for counting. The results ob-
tained were related to the volume of air filtered.

River bottom silt samples were collected (Fig. 13) by the
use of a sampling device developed and fabricated by the Sanitary
Sciences Branch. This device consists of a piece of l%-inch pipe
about 5 inches long connected to one end of a piece of %-inch pipe
about 8 feet long with a valve on the other end. The larger pipe
was worked into the mud for about 5 inches with the valve open. The
valve was closed to keep the mud from dropping out of the pipe while
it was being raised to the surface. The sample was subsequently
transferred to a beaker, dried at 110° ¢, and pulverized. A l-gram
portion placed in a planchet was counted for beta activity.

For the biota study, samples of adult fish were dissected
and the parts desired for counting (scales, flesh, bone, and liver)
were dried by pressing between adsorbent paper. A 1l- to 3-gram por-
tion of each part was weighed into a 50-milliliter beaker. One or
two milliliters of concentrated HNOz were added and the sample was
digested carefully to dryness under an infrared lamp. The beaker
and the sample were placed in a muffle furnace and heated to a tem-
perature range of 600° to 650° C for 5 to 1O minutes. The beaker
was removed from the oven, cooled, and a 0.5-milliliter volume of
concentrated HNO2 was added. The sample was again evaporated to
dryness and heated in the muffle furnace. When the sample was re-
moved from the furnace and cooled, the residue was transferred to a
stainless-steel planchet with concentrated HNO3 and a little rinse
water. The contents of the planchet were then evaporated to dryness
under an infrared lamp and counted. Juvenile fish were cut into
three sections. The center section, containing the viscera, was
processed by the same procedure as that used for the parts of the
adult fish. Algae samples were carefully washed to remove all
foreign matter and dried by blotting with adsorbent paper. A 2-gram
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Fig. 12. Air filtration device used in collection of radio-
active atmospheric particles. Upper picture shows cellulose
filter pad removed from sampler.

15
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; H2816
Fig. 13. Taking bottom sediment sample from Potomac River at
Whitestone Point.

H2821
Fig. 1lb. Samples of fish and algae used in biota study.
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portion of each sample was weighed into a 50-milliliter beaker. Ten
milliliters of concentrated HNO3 were added and the sample boiled on
a hotplate until the solution was yellow-brown in color. The solu-
tion was evaporated to near dryness and the boiling was repeated
with 5 milliliters more of concentrated HNO3. The solution was
evaporated nearly to dryness. The digested sample was then trans-
ferred to a stainless-steel planchet with the aid of a rubber police-
man and a little wash water, evaporated to dryness under an infrared
lamp, and counted. Figure 14 shows some samples of fish and algae
used in a biota study.

5. Results. The day-by-day results of the SM-1 monitoring
program from its beginning in November 1955 to the end of 1960 have
been submitted to the NPFO in quarterly progress reports. The com-
posite results of these reports have been summarized and are pre-
sented in Tables II through XVII of this report.

Table II. Radioactivity in Water from
Potomac River and Accotink Bay, 195L4-1955

Monthly Average of Gross Beta Radioactivity

Month (10-° uc/ce)
Potomac River Accotink Bay
1954 1955 1954 1955
No deter- No deter- No deter- No deter-
January mination mination mination mination
February " 1.3 " 1.9
March L 5.8 L 6.4
April " 1.9 " 5.8
May " 3.2 " 3.9
June " 8.4 " 3.2
July " 1.3 " 1.9
August " 1.3 " 1.3
September 1.3 0.6 3.2 1.3
October 1.3 1.3 2.6 1.9
November 1.3 1.8 1.9 0.8
December 1.3 0.9 1.3 0.5
Average 1.3 2.5 2.2 2.6
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Table IV. Radiocactivity in Potomac River Water
at Mackenzie Hall, 1959-1960

Month Monthly Average of Gross Beta Radiocactivity (10'8 puc/ee)
1959 1960
January 3.2 1.1
February 3.2 1.2
March 3.4 1.1
April 3.5 1.1
May 1.8 2.8
June 1.6 0.8
July 1.4 0.2
August 0.4 0.2
September 0.9 0.7
October 1.1 1.0
November 1.5 0.4
December 0.7 0.8
Average 1.9 1.0
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Table V. Radioactivity in SM-1 Reactor
Cooling Water, 1957-1960
Monthly Average of Gross Beta Radioactivity
Month (10=° pc/ece)
1957 1958
Influent Effluent Influent Effluent
No deter- No deter-
January mination mination 3.2 5.1
February " " 0.9 1.4
March " " 2.3 1.6
April " " 1.6 1.7
May 1.4 0.5 1.3 0.8
June 1.kh4 2.4 2.1 2.2
July Lk.,o 2.7 1.8 1.0
August 2.0 1.6 2.3 2.6
September 3.2 L4 1.6 1.9
October 2.4 2.8 1.0 0.7
Novenber 2.6 2.7 2.2 2.6
December 1.8 1.h 1.7 3.2
Average 2.4 2.5 1.8 2.1
1959 1960

January L.oL 5.6 0.9 0.9
February 3.6 3.4 1.0 1.2
March 2.8 2.8 0.8 1.0
April 2.8 2.1 0.9 0.7
May 2.1 2.k 1.k 12.8
June 1.5 1.3 0.6 0.7
July 1.5 2.2 0.5 1.0
August 1.9 2.0 0.4 0.9
September 0.7 0.8 0.8 0.8
October 0.6 1.3 0.8 0.5
November 2.2 1.khk 0.7 0.8
December 0.7 2.1 1.0 1.2
Average 1.9 2.2 0.8 1.9
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Table VI. Gamma Radioactivity in SM-1 Reactor .
Cooling Water, 1959-1960
1959
Honbh Monthly Average of Gamms Radioactivity (10-8 uc/ce)
Inlet Outlet
05137 Kho 05137 Kh‘o
July 0 0 0.5 0
August 0.1 0.6 0 0
September 1.5 0 2.1 0
Octover 2.5 0.2 1.6 0
November o] 2.4 0 1.7
December 0.3 1.9 0 0.7
1960
January No deter- No deter- No deter- No deter-
mination mination mination mination
February 1.4 0 1.9 0
March 1.3 1.1 1.7 3.7
April No deter- No deter- No deter- No deter-
mination mination mination mination
May 21.7 0 105 0
June o] 1.6 0 4.6
July 0 0 5.6 2.5
August No deter- No deter- No deter- No deter-
mination mination mination mination
September 0.1 0 0 0
October 0] 0] 0] 0
November 0 (0] 0.5 0
December No deter- No deter- No deter- No deter-
mination mination mination mination

ol
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Table VII. Radioactivity in USAERDL Well Water,

) 1955-1957
Monthly Average of gross Beta Radioactivity g
Month (10=° pc/ce)
1955 1956 1957
! January No determination 2.9 0.7
February " " L8 No determination
March " " 1 . )4 L 1"
April "t n O . h’ " "
May " " o . 5 " 1"
J.une " " o . 9 ”" "
July U ] 0.2 " "
Augus.t " " 3 .2 1" "
D September " " 2.5 " "
October " (H 2.3 " "
November 0.8 0.7 o "
o December 0.7 0.7 " "
Average 1.5
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Table IX. Fallout Radioactivity in the
Fort Belvoir-Washington, D. C. Area, 1957

Monthly Average of Gross Beta Radiloactivity

Month - (millicuries/sq mile/month)
SM-1 White- Davison Dalecarlia Bldg 325
Site stone Field Washington, USAERDL
Point D. C.
January 28 20 4o 66 29
February 43 43 Sk 58 L3
March 91 91 o 134 101
April 194 377 71 238 413
May 43 62 62 No determination 52
June 350 389 550 " " 373
July 576 657 460 " " 612
August 120 13k L2 " " 11h
September 1370 1490 1940 " " 1380
October 113 116 102 " " 113
November 37 L1 L7 g g L1
December L7 50 54 " " 60
Average 251 288 301 128 278

Table X. PFallout Radiocactivity in the
Fort Belvoir Area, 1958

Monthly Average of Gross Beta Radiocactivity

Month (millicuries/sg mile/month)
SM-1 Whitestone Davison Bldg 325
Site Point Field USAERDL
January 84 122 151 80
February 3k 39 36 37
March 312 204 . 251 202
April 146 186 236 262
May 11k 12L 132 83
June 139 169 143 137
July 221 263 316 259
August 118 116 1hl 143
Septémber 35 L2 } L2 61
October 128 No determination 212 No determination
November 266 " " 336 e s
December 162 " " 185 " u .
Average b7 141 182 140
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Table XI. Fallout Radioactivity in the

Fort Belvoir Area, 1959-1960

Monthly Average of Gross Beta Radiocactivity

Month ___(millicuries/sq mile/month) _—
SM-1 Site Davison Field

1959 1960 1959 1960

January 167 5 165 10
February 115 L 169 56
March 137 7 169 8
April 222 12 238 17
May 80 11 106 17
June 60 4 80 8
July 25 1 Ly 6
August T 2 11 5
September 6 L T )
October : 10 2 10 L
November 5 2 6 5
December 5 2 8 2
Average 70 5 84 12

Table XII. Radioactivity in Rain or Snow
in the Fort Belvoir Area, 1954-1960

- Monthly Average of Gross Beta Radioactivity

Month (10-8 uc/ee)
1954 1955 1956 1957 1958 1959 1960
January No deter- No deter- 60 Lo 25 170 2
mination mination
February " 19 2L 9 15 188 L
March " 346 L 67 55 183 5
April o 3430 61 312 39 No deter- 2
mination
Mey " 572 68 55 Lo 75 3
June " 35 32  1h9 32 12 No deter-
mination
July T 6 T1 12 33 23 2
August 8 2 92 iy g 41 No deter- 1
mination
September 16 9 99 185 20 6 1
October 5 2 29 58 19 8 2
November ks No deter- 10 11 52 T 2
mination
December 61 " 116 10 15 5 1
Average 2u4 Lol 58 80 32 68 2

L
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Table XVI. Radiocactivity in Juvenile Fish
Taken from Gunston Cove, 1959-1960
Average Gross Beta Radioactivity
Month (micromicrocuries/em)
1959 1960
February No determination 5
June 8 3
August No determination 3
September 5 No determination

Table XVII. Radioactivity in Filamentous Algae,

1957-1960

Average Gross Beta Radiocactivity

Month (micromicrocuries/gm)
Mackenzie SM-1 Outlet Gunston
Hall ) Channel Cove

1957

October No determination No determination 52
1958

November No determination No determination T0
1959

June No determination No determination 107

September . 17 No determination 29
1960

February 21 hoo No determination

April 1k 183 il "

June No determination 87 i !

August 9 136 " "
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III. DISCUSSION

6. Water. Prior to the installation of the SM-1 reactor at
Fort Belvoir, during the sampling period of September 1954 to the
end of 1956, the normal radiocactivity level for all samples of ter
taken from the Potomac River and Accotink Bay averaged 2.2 x 10~
uc/cc. Subsequent to the reactor startup in April 1957, the average
values for all samples of the Potomac River taken at Magkenzie Hall
and at the SM-1 cooling water intake averaged 1.6 x 10° uc/cc.
Samples of condenser cooling water discharged to Accotink Bay during
the periog from plant startup time to the end of 1960 averaged
2.2 x 107°© pc/cc. These values indicate that the operation of the
SM-1 plant has not changed the normal background radioactivity in
the Potomac River. Figure 15 shows the monthly averages of radio-
activity in the Potomac River for 1954 through 1960. Figure 16
shows the monthly averages of radiocactivity in the SM-1 condenser
cooling water influent and effluent from the start of sampling in
May 1957 to the end of 1960.

The highest activity value of Potomac River water, recorded
on 19 April 1955, almost 2 years before the SM-1 reactor startup, was
3.k x 10-7 uc/cc. ﬁainwater sample collected on the same date was
recorded at 2.5 x 10~ uc/cc. Information supplied. by the Atomic
Energy Commission and the U. S. Weather Bureau showed that these high
values were directly related to nuclear bomb tests at the Nevada Test
Site on 6, 9, and 15 April. The highest values for liquid discharged
from the SM-1 plant were 4 x 10-7 pc/cc and 16 x 10-T uc/cc recorded
on 11 and 13 May 1960. The latter sample was taken during a shutdown
of the reactor plant, with no condenser water flowing. The estimated
flow at the outfall was 5 gpm for this sample. The highest value of
gamma activity in the reactor condenser cooling water (csl37 =
1.0 x 10-6 uc/cc) was recorded during May 1960 (Table VI).

7. Fallout on Gummed Paper. Figure 17 indicates that fallout
values have fluctuated widely. From November 1955, when a regular
sampling schedule was initiated, to the end of December 1960, the
highest monthly average of fallout activ1ty in the Fort Belvoir area
was recorded as 1 9h0 millicuries/sq mile/month at Davison Field for
September 1957. The value for December 1960 at the same station was
2 millicuries/sq mile/month. Prior to November 1955, the highest
fallout value for a single day exposure of gummed paper was recorded
on 18 April 1955 as 1,100 millicuries/sq mile/day (33,000 milli-
curies/sq mile/month). This heavy fallout was associlated with a
0.02-inch rainfall the activity of which measured 2.5 x 107% uc/ecc
and was attributable to the same schedule of nuclear bomb testing in
Nevads as noted under par. 6, "Water."

Significant fluctuations in the falléux?activity can be
directly related to the detonation of nuclear devices around the
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world as reported by the Atomic Energy Commission. During periods
of frequent nuclear weapons testing by the world powers, increased
fallout activity was noted. As the frequency of testing lessened,
or when nuclear weapons testing stopped completely, as after October
1958, a trend to decidedly lower fallout levels was observed. Table
XI shows this markedly. The effect of the French nuclear detonation
of 13 February 1960 on the fallout average for February 1960 should
be noted. The steady decline of fallout activity in the Fort Bel-
voir area since the cessation of nuclear weapons testing together
with the continuous operation of the SM-1l plant suggest that the
fallout activity is in no way related to the reactor operation.

8. Atmospheric Radioactivity. The facts which have Just been
stated releting to the activity of fallout on gummed paper and the
weapons testing program apply to the results obtained by air filtra-
tion and the measurement of rain and snow samples. Figure 18 shows
that the activity of rain and snow has steadily decreased following
the cessation of nuclear device testing at the end of October 1958.

9. Potomac River Bottom Sediment. A check of the data relat-
ing to the activity of Potomac River bottom sediment indicates a low
level of activity. Average values range from a low of 6 micromicro-
curées per gram for samples taken during 1958 to a high of 36 for
1956.

10. Biota. Data obtained during the biota study initiated in
October 1957 relating to adult and juvenile fish show for all speci-
mens & low level of activity, ranging from O to 39 micromicrocuries
per gram (Table XV). Up to September 1959, samples of filamentous
algae were taken in Gunston Cove and the average value for all sam-
ples taken in that area was 56 micromicrocuries per gram. In 1960,
the algae sampling locations were changed to Mackenzie Hall and the
channel leading from the SM-1 condenser cooling water outfall to
Gunston Cove. The average activity value for 1960 for algae samples
taken at Mackenzie Hall was 15 micromicrocuries per gram. For the
same period, samples taken in the SM-1 outlet channel showed an aver-
age value of 207 micromicrocuries per gram. The highest value for a
single algae sample taken at this location was 1,240 micromicrocuries
per gram. The highest monthly average recorded was 422 micromicro-
curies per gram, for ten samples taken during February 1960. The
fact that activity values for those samples of algae taken from the
outlet channel are more than ten times greater than the values for
samples taken from the Mackenzie Hall location, upstream from the
reactor, indicates some concentration by algae of activity from the
SM-1 condenser cooling water. (Table XVII.)
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IV. CONCLUSION
11. Conclusion. It is concluded that after more than 3 years

of SM-1 reactor operation, no significant increase has been noted in
the radiological background level in the Fort Belvoir area.
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